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ABSTRACT 
 
 
 
 
Today’s power systems are so modernized as they consist of networks which are 
very complex and utilize enormous number of non-linear electrical devices which 
has led to a distortion in the output sine waveforms of source current and voltage and 
these devices are considered to be the main source of harmonics and power factor 
poorness. This project concentrates on the design and application of three-phase 
Unified Power Quality Conditioner (UPQC) by using both partial integrated (PI) and 
fuzzy logic controller (FLC) to minimize the harmonics which are created by non-
linear loads besides improving the power factor.Matlab/Simulink tool was used for 
modeling and obtaining the results, line voltage, source current and power factor. 
These results were verified before and after using the filter. The achieved results 
were within the recommended IEEE-519 standard. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 










 
 
 
 
 
 
 
CHAPTER 1  
 
INTRODUCTION 
 
1.1 Introduction 
Power Quality (PQ) is a well-known term usually used in relation with undesirable 
disturbances of the electricity supply. One possible theoretical definition of 
poorpower quality could be a predefined as deviation of voltage and/or current from 
an ideal sine wave (Benysek, 2007). With the development of smart grid, power 
quality problem becomes more and more serious(Yuan et al., 2014). In last years, 
there has been an increased number of PQ related problems. This is essentially due to 
the fast growth in the use of equipment that creates PQ disturbances and also 
increases of sensitiveequipmentsto these disturbances(Putrus et al., 2007). The wide 
spread of power electronic devices and non-linear loads are found to be directly 
related to the increasing ofPQproblems. 
Recent electrical equipment usespower electronic technologies and 
microprocessor based controllers,thesetypes of devices are very sensitive toany 
power quality disturbances.On the other hand majority of these modernequipments 
have become the mainsources of the degradation of power quality. For example, 
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variable speed drives and power converters produce distortion in the supply voltage 
and current waveforms. This type of distorting loads are commonly used in industrial 
sector  beside the multitude of small power electronic devices, such as Switch Mode 
Power Supplies  that are used in domestic devices  like televisions, computers etc. 
are producingharmful effects on the supply system, one of the most of these harmful 
effects is harmonics(Benysek, 2007). 
The term harmonic is defined as deviations from the fundamental frequency 
sine wave, expressed as additional sine waves of frequencies that are a multiple of 
the generated frequency. They are expressed as third, fifth, seventh etc. harmonics, 
denoting their frequency as a multiple of the primary wave frequency. When power 
is delivered to non-linear load it produces harmonic current. Harmonic disturbances 
are a phenomenon associated with the distortion of the fundamental sine wave and 
are produced by non-linearity of electrical equipment. Harmonics causes increased 
currents, power losses and possible destructive overheating in equipment. Harmonics 
may also raise problems in communication circuits. Harmonic standards are specified 
to set up the limits on the Total Harmonic Distortion (THD) as well as on the 
individual harmonics. 
 For critical loads, a short power-quality event can result in long process 
shutdownsPaquette & Divan (2014). According to the mentioned problems 
associated with the power system as shown above and it has become necessary to 
provide a dynamic solution with high degree of accuracy and fast speed of response 
in order to mitigate and deals with these kinds of issues. The active power filtering 
has appeared as one of the best solutions for mitigation of major power quality 
problems, in Parallel  with advancement in the field of power electronic devices and 
automated control systems, it is very common to come across the situation where 
compensation of both current and voltage related problems is required. Recently, The 
unified active power filter UPQC which is integration of shunt and series APF is one 
of the most suitable as well as effective device in this concern. The main purpose of 
UPQC is to solve the problems coming from both source side and load side, such as 
harmonics. 
Implementation of UPQC to improve the power quality is gaining greater 
importance. UPQC which is the integration of series and shunt active filters, 
connected back-to-back on the dc side, sharing a common DC capacitor. The series 
component of the UPQC is responsible for mitigation of the supply side 
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disturbances: voltage unbalance and harmonics. It inserts voltages so as to maintain 
the load voltages at a desired level balanced and distortion free. The shunt 
component is responsible for mitigating the current quality problems caused by the 
consumer: poor power factor, load harmonic currents, load unbalance etc. It injects 
currents in the ac system such that the source currents become balanced sinusoids 
and in phase with the source voltages(Kannan et al,. 2013). 
 
 
1.2 Problem Statement 
The electrical loads is divided into two types linear and non-linear loads, the linear 
loads are loads where the wave shape of the steady-state current will follow the 
wave shape of the applied voltage, linear loads impedance remains fixed with 
changing the applied voltage so that linear loads doesn't produce any new frequency 
(harmonics) or change the applied frequency, using of these types of loads is not 
harmful for the electrical system for example Power Factor Improvement 
Capacitors, Indescent Lamps and Heaters. The problem starts when we apply non-
linear loads to the power distribution system, which is the second type of electrical 
loads, the load is considered to be non-linear if its impedance changes with the 
applied voltage. The changing impedance means that the current drawn by the non-
linear load will not be sinusoidal even when it is connected to a sinusoidal voltage. 
These non-sinusoidal currents contain harmonic currents that interact with the 
impedance of the power distribution system to create voltage distortion that can 
affect both the distribution system equipment and the loads connected to it. The wide 
spread of non-linear loads recently, produce the harmonics as challenge to engineers. 
Harmonics play significant role in deteriorating the power quality, called harmonic 
distortion. Harmonic distortion in electric power systems is increasingly growing 
due to the widespread of non-linear load. 
The main problem need to be solved is to reduce the harmonic level of the line 
voltageand current, beside the power factor poorness. 
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1.3 Objectives 
UPQC topology will be proposed in this project expect to has the capability of 
compensating the load. This project will investigate the validity of UPQC through 
simulation studies. This research will suggest harmonic mitigation and power 
compensation, through reduction of total harmonic distortion due to the connection 
of UPQC. It also will discuss capability of the both shunt and series power inverter 
of the UPQC.According to the above, our main objectives can be summarized as: 
I. To investigate the UPQC performance for various non-linear loads. 
II. To improve the UPQC performance using intelligent controlling method. 
III. To design unified power quality conditioner UPQC using 
MATLAB/SIMULINK. 
 
1.4 3BScopeof Work 
The scope of this project will be as the following: 
-After this introductory chapter, chapter 2 will give an overview of Unified Power 
Quality Conditioner, in this chapter the circuit arrangement, operation, basic 
control functions, classification, and characteristic of the UPQC will be discussed. 
-Chapter 3 will discuss the proposed control strategy, methodology of this project. 
-Chapter 4 presents an introduction to MATLAB/SIMULINK and modeling of UPQC 
usingSIMULINK and will include the following procedure: 
I. Built and simulate a simple circuit consist of three phase source and non-linear 
load which is series resistance and inductance connected to three phase controlled 
rectifier, and run the system to measure the output waveforms THD and power 
factor. 
The circuit data will be as the following: 
Rload= 90 Ω 
Lload = 0.5 H 
Rconductor=0.0153 Ω 
Lconductor = 6 mH 
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II. Change the firing angle (α) and measure the THD and power factor for different 
values of (α). 
III. Design and connect the UPQC with PI controller, and repeat the measurements 
for different values of firing angle (α)  this is expect to improve the waveforms, 
THD and power factor. 
IV. Design an intelligent controller and connect it to UPQC circuit to replace PI 
controller, this is expected to increase the improvement in the waveforms, THD 
and power factor. 
- Chapter 5 includes discussion, findings and conclusion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER 2  
 
 
LITERATURE REVIEW 
 
 
 
 
2.1      Introduction 
 
This chapter will discuss about the literature review of the project, explains the 
theories and findings obtained that related with the project from up-to-date books, 
papers and scientific researches. 
 The literature review starts with the theory of power quality problems, continue 
with the harmonics, power factor and active filtering. Finally, there are explanations 
about several ways to mitigate the effect of harmonics and power factor correction 
(PF) then continue with the theory about an active power filters (APF). 
 
2.2      Power Quality and Problems 
 
The term power quality, as defined in IEEE 1159 -1995, related to a wide variety of 
electromagnetic phenomena that characterize the voltage and current at a given time 
and at a given location on the power system (Dixit &Yadav, 2010). IEEE 1159 
primarily addresses power quality monitoring issues. The late 1980s and early 1990s 
saw the appearance of power electronic loads. Power electronic loads offer many 
advantages in controllability and efficiency. However, they draw non-sinusoidal 
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currents from AC power systems, and these currents react with the system 
impedances to generate voltage harmonics and, in some times, resonance. Studies 
shows that the levels of harmonic distortion in distribution systems are increasing as 
power electronic loads are continue to proliferate (Mazumdar et al., 2005). With the 
spread use of power electronics semiconductor switching devices, like thyristors, 
IGBT’s (Insulated Gate Bipolar Transistors), GTO’s (Gate Turn off thyristors), and 
many other devices, control of electric power quality problems has become a reality 
(Kumar &Sastry, 2011). The electrical power quality has become a significant issue 
for electric utilities and the customers. One of the main problems facing the 
customers and manufacturing industries now is the distortion in the electrical supply. 
This power quality problem interrupts the sensitive devices and leads to very harmful 
consequences. To improve the electric power quality, sources of these disturbances 
must be identified and controlled. The problem of power quality can be described as 
any variations in the electrical power source, such as voltage fluctuations and dips, 
temporary interruptions, transients and harmonics, resulting in misoperation or 
failure of equipments. In general, the power quality problems are considered as 
following: 
i. Impulsive transient. 
ii. Momentary interruption. 
iii. Voltage sag. 
iv. Voltage swell. 
v. Notching. 
vi. Harmonic distortions. 
This project will focus on harmonic distortion and power factor as main categories. 
 
2.2.1   Harmonics 
 
Harmonics in power system are not a new phenomenon. In fact, a research is 
published by Steinmetz in (1916) shows significant attention to the study of 
harmonics in three-phase systems. Steinmetz’s contribution and an overall history of 
harmonics have been published by E.L. Owen (1998). Harmonic disturbances are a 
phenomenon associated with the distortion of the fundamental sine wave and are 
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produced by non-linearity of electrical equipment. Harmonics causes increased 
currents, power losses and possible destructive overheating in equipment. Harmonics 
may also raise problems in communication circuits. Harmonic standards are specified 
to set up the limits on the Total Harmonic Distortion (THD) as well as on the 
individual harmonics by Ong& Cheng (2007). 
            Harmonics are defined sinusoidal voltages or currents having frequencies that 
are of multiples of the frequency at which the supply system is designed to operate 
( )50 Hz or (60) Hz. Figure 2.1. shows that any periodic distorted waveform can be 
expressed as a sum of pure sinusoidal of fundamental frequency wave and harmonic 
wave (Kasemuana, 2014). 
 
 
Figure 2.1: Harmonics and harmonic distortion 
 
2.2.1.1 Harmonic Sources 
 
In the earliest years of power system age transformers and rotating machinery are 
considered to be as the main source of the waveform distortion as they use magnetic 
materials that are operated close to or in the nonlinear area for economic 
considerations. However, the fast development and growth of technology last few 
decades, especially the development of the switched power semiconductor based 
devices has led to rapid propagation of harmonics in the power systems, in the way 
that the harmonics generated by transformers and rotating machinery are currently 
considered to be negligible compared to those generated by power electronic devices. 
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2.2.1.2 Harmonic Producing Loads 
 
To understand the generation of harmonics in the power distribution system, it is 
necessary to know the general characteristics of non-linear loads. Non-linear loads 
inject harmonic voltages or harmonic currents into the distribution system even if 
they fed by a sinusoidal voltage waveform. Non-linear loads can be generally divided 
into two types; 
• Voltage harmonic source loads. 
• Current harmonic source loads. 
Current source inverter (CSI), thyristors controlled loads used for dc drives 
etc., represent a source of current harmonic loads. These loads create harmonic 
currents on the ac source side of the rectifier during their operation. On the other 
hand, diode rectifiers with dc capacitors constitute harmonic voltage source loads. 
These loads create voltages harmonics on the ac side of the rectifier during its 
operation, these types of loads are widespread due to their use in domestic electronic 
devices, variable speed drives. Harmonic currents in the source is created by 
harmonic voltages and determined by the impedance value (Tao et al., 2014). 
Accordingly, current harmonic source loads can be modeled as a current 
source as shown in Figure 2.2. 
 
Figure 2.2: Equivalent circuit for current harmonic source type load 
 
In same way, voltage harmonic source type load is modeled as a voltage 
source as shown in Figure 2.3. 
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Figure 2.3: Equivalent circuit for voltage harmonic source type load 
 
The effects of harmonics are due to voltage and current, although Voltage 
effects are more likely to degrade the insulators and reduce the life of the equipment. 
The following defines some of the common effects of harmonics: 
a) Increased losses in cables, lines and cause overheating for transformers. 
b) Accelerate aging due to increased stress in the apparatus insulation. 
c) Pulsating and reduced the torque in rotating machines. 
d) Misoperation of devices sensitive to waveforms. 
e) Increased audible noise from static and rotating equipment. 
f) Communication interference due to inductive coupling between communication 
and power circuits. 
g) Considerable amplification of voltages and currents due to resonance. 
 
2.2.1.3 Total Harmonic Distortion (THD) 
 
The total harmonic distortion (THD) of a signal is a measurement of the harmonic 
distortion present in current or voltage. It is defined as the ratio of the sum of the 
powers of all harmonic components to the power of the fundamental frequency by 
Fuchs &Masoum (2011).   THD=�∑(𝐼𝐼𝐼𝐼)2
𝐼𝐼1  × 100%                                                                                              (2.1) 
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Harmonic distortion can have detrimental effects on electrical distribution systems. It 
can waste energy and reduce the capacity of an electrical system; it can harm both 
the electrical distribution system and devices operating on the system. Understanding 
the problems associated with harmonic distortion, aswell as the methods of dealing 
with it, is of great importance in minimizing those effects and increasing the overall 
efficiency of the distribution system (Short, 2014).  
 
2.2.2   Power Factor 
 
In power systems, wasted energy capacity, also known as poor power factor, is often 
overlooked. It can result in poor reliability, safety problems and higher energy costs. 
The lower our power factor, the less economically our system operates. Power factor 
(pf) is the ratio of the active (or useable) power measured in kilowatts (kW), to the 
total (apparent) power measured in kilo volt amperes (kVA), and is calculated as  
 
kW / kVA = PF(2.2) 
 
Power factor is commonly referred to in percent, with 100% being a perfect power 
factor, also called unity. At unity power factor, the kVA = kW, therefor the utility 
company does not supply any reactive power, in other words no losses due to power 
factor (Heger et al., 2012). 
 
2.2.2.1 Power Factor with Linear Loads 
 
When the loads connected to the system are linear and the voltage is sinusoidal, the 
power factor will be proportional relation of the active power to the apparent power 
calculated with the following equation: 
 
𝑃𝑃𝑃𝑃 =  𝑃𝑃
𝑆𝑆
                                                                                                                                (2.3) 
 
The power factor also can be calculated in term of the angle ∅ which the angle 
between the active power vector and the apparent power vector in power factor 
triangle as: 
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𝑃𝑃𝑃𝑃 =  𝐶𝐶𝐶𝐶𝑆𝑆 𝜃𝜃                                                                                                                        (2.4) 
The power triangle explained in Figure 2.4.  
 
 
Figure 2.4: Power triangle 
 
Where p is apparent power and Q is reactive power can be calculated with following 
equations: 
 
𝑆𝑆 = 𝑉𝑉 × 𝐼𝐼                                  (𝑉𝑉𝑉𝑉)(2.5) 
𝑃𝑃 = 𝑉𝑉 × 𝐼𝐼 × 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃 (𝑊𝑊)(2.6) 
𝑄𝑄 = 𝑉𝑉 × 𝐼𝐼 × 𝑐𝑐𝑠𝑠𝐼𝐼 𝜃𝜃 (𝑉𝑉𝑉𝑉𝑉𝑉)(2.7) 
 
A low power factor means a that a low amount of the total power delivered or 
consumed (S) is used as working power (P) and a considerable amount is reactive 
power (Q). The purpose of power factor correction is to reduce the reactive 
component of the total power. This achieves a more efficient use of the energy 
because when the power factor is improved the working power is equal (or nearly 
equal) to the total power, and reactive power is zero or negligible. 
 It is very important to note that the reduction in the angle obtained by the 
power factor improvement is a result of the vector relationship between the active, 
reactive and apparent power, but what we are really doing is reducing the reactive 
power, consequently the apparent power is also reduced and the power factor is 
increased. 
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2.2.2.2 Power Factor with Non–Linear Loads 
 
As mentioned before a non-linear load can be defined as a load which draw non 
sinusoidal current even when supplied from pure sinusoidal supply voltage, non-
linear load in a power system is typically a rectifier (such as used in a power supply), 
or some kind of arc discharge device such as a fluorescent lamp, electric welding 
machine, or arc furnace, as those types of loads supplied by switching action, the 
current contains frequency components that are multiples of the power system 
frequency. Distortion power factor is a measure of how much the harmonic distortion 
of a load current decreases the average power transferred to the load. When the loads 
are non–linear but the voltage is sinusoidal, the current has harmonics and the active, 
reactive and apparent power should not be calculated using the traditional methods as 
demonstrated by equations (4), (5) and (6). This means that the equation (2,3) cannot 
be used to calculate the power factor when non–linear loads. 
Voltage and current harmonics created by non-linear loads increase the power 
losses and, consequently, have a harmful impact on electric components and utility 
distribution systems. While the accurate relationship between harmonics and losses is 
difficult to generalize. True power factor is defined by (Araujo et al., 2012). 
 
𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑉𝑉
𝑡𝑡𝑟𝑟𝑐𝑐
𝐼𝐼
𝑡𝑡𝑟𝑟𝑐𝑐
(2.8) 
 
When the voltage and current waveforms are both sinusoidal, (2.8) can covert to the 
normal displacement power factor, 
 
𝑑𝑑𝑃𝑃𝑃𝑃1 = 𝑃𝑃1𝑎𝑎𝑎𝑎𝑎𝑎𝑉𝑉1𝑡𝑡𝑟𝑟𝑐𝑐 𝐼𝐼1𝑡𝑡𝑟𝑟𝑐𝑐 = 𝑐𝑐𝑐𝑐𝑐𝑐 𝜃𝜃(2.9) 
 
Where 𝜃𝜃 is the angle between the fundamental voltage and current.When harmonics 
are existing, (2.9) can be extended as; 
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𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡= 𝑃𝑃1𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃2𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑃𝑃3𝑎𝑎𝑎𝑎𝑎𝑎……….
𝑉𝑉1𝑡𝑡𝑟𝑟𝑐𝑐 �1 + 𝑇𝑇𝑇𝑇𝑇𝑇𝑉𝑉2 × 𝐼𝐼1𝑡𝑡𝑟𝑟𝑐𝑐 �1 + 𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼2                                                (2.10) 
 
A useful simplification to (2.10) is found by making two assumptions; 
1. In most cases, the effect of harmonics above the fundamental to the average 
power may not be major. Hence, Pavg≈ P1 avg. 
 2. Since V THD is normally less than 10%, then, V rms≈Vrms 
      Including these two assumptions in (2.10) produces the following approximate 
form of true power factor: 
 
𝑃𝑃𝑃𝑃𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑃𝑃𝑎𝑎𝑎𝑎𝑎𝑎𝑉𝑉1𝑡𝑡𝑟𝑟𝑐𝑐 𝐼𝐼1𝑡𝑡𝑟𝑟𝑐𝑐 × 1�1 + 𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼2= 𝑑𝑑𝑃𝑃𝑃𝑃1 × 𝑃𝑃𝑃𝑃𝑑𝑑𝑠𝑠𝑐𝑐𝑡𝑡                                       (2.11) 
 
It is obvious in (2.11) that the true power factor of a nonlinear load is limited by its 
THDi. Single phase power electronic loads generally have high current distortions. 
Consequently, their true power factors are less than unity. 
 While, three-phase power electronic loads naturally have lower current 
distortions than single phase loads and, therefore, higher distortion power factors. 
However, if three phase loads employ phase control, their true power factors may be 
poor at low load levels due to low displacement power factors. 
 Applying shunt capacitors is not a solution, generally, to compensate for poor 
distortion power factor. Only the displacement power factor can be improved with 
capacitors. Especially in load areas that are dominated by single and three phase 
power electronic loads, which tend to have high displacement power factors but low 
distortion power factors. In these cases, the addition of shunt capacitors will likely 
degrade the power factor by producing resonances and higher harmonic levels 
(Mazumdar, 2006). A better solution is to apply active or passive filters or both of 
them to remove the harmonics created by the nonlinear loads. 
 
2.3     Power Quality Filters 
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Usually the electric power system is affected by common problems like transients, 
voltage sag and swell, which leads to the creation of harmonics and harm the quality 
of power supplied to the end user. The harmonics may exist in voltage or current 
waveforms and it is integral multiples of the fundamental frequency, which does not 
contribute for the active power delivery. Thus the response at these frequencies 
should be restricted from affecting the behavior of the system. To achieve this filter 
is used at the Point of Common Coupling (PCC) where the load is connected to the 
supply. This filter filters out the harmonics and improves the performance of the 
system. There are different types of filters available for this purpose (El-Habrouk et 
al., 2000). 
 
2.3.1   Filters Classification 
 
 The different filters existent in the literature are classified into three main types. 
They are Active Filters and Passive Filters and Hybrid filter. Each type is divided 
into sub classification. Figure 2.5 explains the general classification of the filters. 
 
Figure 2.5: Power filters classification 
 
2.3.1.1 Passive Power Filters  
 
These filters contain a passive elements liken induct or capacitor and resistor. These 
are commonly used because of their ease of control and low cost. The passive filters 
also provide reactive power separately from filtering the harmonics. The 
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performance of these filters is mainly depending on the system impedance. These are 
again classified into two types low pass and high pass. But passive filter have some 
disadvantages, like: 
• The filter performance depends on the system impedance. 
• Probability of over load in the passive filter because of harmonic current circulation 
produced from power electronic loads. 
• The problem of series and/or parallel resonances can be originated which causes 
instable operation. 
• The change of the load impedance can detune the filter, so it is not suitable for 
variable loads. 
•Limited operation, which is used to eliminate either a particular order or fewer 
harmonics. 
 
2.3.1.2 Active Power Filters (APF): 
 
 To overcome the disadvantage of passive filter, active compensation known as 
Active Power Filter is used recently. The APF is a Voltage Source Inverter (VSI) 
which injects the compensating voltage or current based on the network 
configuration. It was first proposed about 1970. But the recent development in power 
electronics technology (Sandeep, 2014). Together with the theory of instantaneous 
active and reactive power which was presented in 1983, APFs are a modern solution 
with low power loss, fast switching devices and fast digital processing devices at an 
affordable cost. Depending on the circuit configuration and function, APFs are 
classified into three types and each one is explained in detail below. 
 
2.3.1.3 Shunt Active Power Filter 
 
The voltage sourced inverter based Shunt APF is similar to STATCOM. It is 
connected in shunt with the circuit at the PCC. It injects the current which is equal 
and opposite to the harmonic current, and acts like a current source injecting 
harmonics, it is suitable for any type of load. It also improving the load power factor 
according to Singh &Baredar (2014). The circuit diagram of the power system with 
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shunt connected APF is shown in Figure 2.6. The cost of these filters is 
comparatively higher and so not preferred for large scale systems. 
 
Figure 2.6: Shunt active power filter 
 
2.3.1.4 Series Active Power Filter 
 
These filters are connected in series with the line via a matching transformer. This 
filter injects the compensating voltage in series with the source voltage. Therefore, it 
acts as a controlled voltage source which can compensate the voltage sag-swell. 
These filters are used application mainly when the load contains voltage sensitive 
devices. Figure 2.7. Show a circuit diagram of the power system with series 
connected APF. 
 
Figure 2.7: Series active power filter 
 
2.3.1.5 Unified Power Quality Conditioner 
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One of the interesting applications in active filters is the UPQC that has combined 
the characteristics of a shunt filter and a series filter. The series active power filter is 
working as a harmonic isolation between a sub transmission system and a 
distribution system. Moreover, the series active filter has the ability of regulating the 
voltage and compensating the harmonic at the point of common coupling (PCC). As 
for the shunt active filter, it is used to eliminate current harmonics, compensate for 
reactive power  and regulate the DC-link voltage between the tow active filters. 
Combination of the shunt active and seriest active filters is called the UPQC, related 
to the unified power quality conditioner (UPQC). The UPQC, utilizes two voltage 
source inverters (VSIs) that connected to a DC link energy storage capacitor. first 
VSI is connected in series with AC line and the second is connected in shunt with the 
AC circuit (Haidar et al., 2011). Figure 2.8. explain general structure of UPQC. 
 
Figure 2.8: General structure of UPQC 
 
2.3.1.6 UPQC Classification 
 
The classification of UPQC is explained in Figure 2.9. shows a pictorial view for the 
classification of  UPQC. The UPQC is classified in two main groups according to 
(Khadkikar, 2012): 
1) Based on the physical structure. 
2) On the voltage sag compensation approach used. 
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Figure 2.9:Pictorial view for the classification of UPQC 
2.3.1.7 UPQC Operation 
 
Loads, such as, diode rectifier or a thyristor bridge connected to a high inductive 
load, presenting a current source at point of common coupling (PCC), can be 
efficiently compensated by connecting an APF in shunt with these loads. On the 
other hand, there are loads, like Diode Bridge having a high DC link capacitive filter. 
These types of loads are gaining more importance especially in forms of AC to DC 
power supplies and AC to DC converters. For these kinds of loads APF has to be 
connected in series with the load. The voltage compensated in series with the load by 
series APF supposed to follow a control rule such that the summation of this injected 
voltage and the input voltage is result in sinusoidal waveform. Therefore, if utility 
voltages are non-sinusoidal, due to any reason, correct selection of phase and 
magnitude for the injected voltages will correct the voltages at load side to be 
balanced and sinusoidal. The shunt APF work as a current source and inject a 
compensating harmonic current so as to have sinusoidal waveform in phase input 
current, the series APF work as a voltage source and inject a compensating voltage 
so as to have sinusoidal load voltage waveform. The wide use of the digital 
electronics devices, communications control systems have increased the number of 
sensitive loads that require pure sinusoidal supply voltage for their proper operation. 
In order to achieve that limits proposed by standards it is required to include some 
kind of compensation. Last few years, solutions based on combination of shunt 
active and series active power filters have appeared (Ganguly, 2014). Its main goal is 
to compensate for source voltage and load current imperfections, such as swells, 
sags, interruptions, unbalance, flicker, harmonics, reactive currents, and current 
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unbalance. This combination of shunt and series APF is called as Unified Power 
Quality Conditioner (UPQC) (Kumar &Sastry, 2011). As shown in Figure 2.10. 
 
Figure 2.10: UPQC circuit diagram 
 
 Reference voltages and currents are generated by using Phase Locked Loop 
(PLL). The control strategy depends on the extraction of Unit Vector Templates from 
the distorted input supply waveforms. These templates will be equivalent to pure 
sinusoidal signal with unity (p.u) amplitude. The three phase distorted input supply 
voltage at PCC contains fundamental and distorted component. To get unit input 
voltage vectors Uabc, the input voltage is measured and multiplied by gain of 
(1/Vm), where Vm is equal to peak amplitude of fundamental input voltage. These 
unit input voltage vectors are taken to phase locked loop (PLL). With suitable phase 
delay, the unit vector templates are generated. 
 
Ua = Sin (wt)     (2.12) 
Ub = Sin (wt-120)  (2.13) 
Uc= Sin (wt+120)   (2.14) 
 
By multiplying the peak amplitude of fundamental input voltage by unit vector 
templates of equation (12-13-14) gives the reference load voltage signals, 
 
V*abc = Vm .Uabc(2.15) 
 
In order to obtain distortion free load voltage, the load voltage has to be equal 
to these reference signals. The measured load voltages are compared to the reference 
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load voltage signals. The error produced is then taken to a hysteresis controller to 
generate the necessary gate signals for series APF. 
 The unit vector template can also be applied for shunt APF in order to 
compensate the harmonic current produced by non-linear load. The function of shunt 
APF is to compensate for current harmonics and to maintain the DC link capacitor 
voltage at constant level. To achieve the mentioned task the dc link voltage is 
measured and compared to the reference dc link voltage. A PI controller then 
corrects the error. The output signal of PI controller is multiplied by unit vector 
templates of equation (2.12) producing reference source current signals. The source 
current must be equal to this reference signal. In order to follow this reference 
current signal, the 3-ph source currents are sensed and compared with reference 
current signals. The error generated is then processed by a hysteresis current 
controller with suitable band, generating gating signals for shunt APF. Figure 2.11. 
Explain the block diagram of UPQC controller. 
 
 
 
Figure 2.11: Block diagram of UPQC controller 
 
The theory of series active power filter control algorithm is explained in 
Figure 2.12. In equation (2.16), supply voltages VSabc are converted abc to dq0. 
Furthermore, PLL conversion is used for reference voltage calculation 
Kesler&Ozdemir (2009). 
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Figure 2.12: Series active power filter control block diagram 
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Voltages in d axes (Vd) given in equation (2.17) is collected from AC and DC 
components (𝑉𝑉�d and 𝑉𝑉� d). 𝑉𝑉�d Voltage is estimated by using LPF (low pass filter). 
 
𝑉𝑉𝑑𝑑 =  𝑉𝑉�𝑑𝑑  +  𝑉𝑉�𝑑𝑑                                                                                                      (2.17)    
 
𝑉𝑉∗Sabc reference voltages are calculated as explained in equation (18). The switching 
signals are measured reference voltages (𝑉𝑉∗Sabc) load voltages (𝑉𝑉∗Labc) and via 
hysteresis band current control. 
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2.3.1.8 Fuzzy Based UPQC 
 
Fuzzy logic is the part of artificial intelligence or machine learning which interprets 
the human action. Computers can interpret only true or false values but a human 
being can measure the degree of truthiness or degree of falseness. Fuzzy controllers 
interpret the human actions and are also called intelligent controllers. Fuzzification is 
the method of changing actual scalar value to a fuzzy value. This is accomplished 
with the different types of fuzzifiers. Fuzzy logic is a rule based system. These rules 
are stored in the knowledge base of the system. The input to the fuzzy system is a 
scalar value that is fuzzified by Suja& Jacob (2013). 
 In fuzzy logic system, the linguistic variables are expressed by fuzzy sets 
defined on their particular universes. Input error can be selected as voltage, current or 
impedance, according to certain control type. The fuzzy logic controller output is the 
angle signal and the pulse generator delivers firing pulses to thyristors. Inputs to the 
fuzzy controller are characterized as various linguistic variables with their 
corresponding membership values. Depending on the range (Zero, Small, Medium 
and Large) and the sign (positive or negative) of the error signals E1 and E2, the FPI 
searches the matching output from the linguistic codes. As shown in Figure 2.13. 
Fuzzy logic controller block is applied to replace the old-style PI controller. The 
rules are presented by Shankar & Kumar (2014). 
 
 
Figure 2.13: Fuzzy logic controller 
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2.3.1.9 Defuzzification 
 
Defuzzification strategy is aimed at producing a non-fuzzy control action, or can say 
defuzzification means the conversion of the fuzzy output values into crisp values. For 
example, if we say "the output force must be large" and large variable takes the 
values between (70, 90) N, then what is the force will be needed 75 or 80 or …N, we 
can know what is the force we want by using defuzzification method. There are 
different types of defuzzification methods. The defuzzification method used in this 
project is centroid,It finds the point where a vertical line would slice the aggregate 
set into two equal masses.  Mathematically this centre of gravity (COG) can be 
expressed as: 
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   (2.19) 
 
Centroid defuzzification method finds a point representing the centre of gravity of 
the fuzzy set, A, on the interval, ab.A reasonable estimate can be obtained by 
calculating it over a sample of points. As shown in the figure 2.14. 
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